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(57)Abstract: 

PURPOSE: To obtain an endothermic fuel system for a 
propulsion engine capable of being maintained and 
operated more economically. 

CONSTITUTION: An endothermic fuel system 10 is 
provided with a heat sink for a heat exchanger for 
cooling parts of high speed aircraft to avoid thermally 

induced coking on the catalytic surfaces of the heat " 1 ^ 

exchanger used as a reactor 40 to dehydrogenate the '-==^ - 
fuel. A means 44 is provided to feed an acceptable ^ *p 

concentration of hydrogen to the feed stock of the " ^ ij — i <T ' ' 1 F 

reactor 40. The feed stock is a portion of the \- 1^, 

endothermic hydrocarbon fuel that is catalytically * - 

dehydrogenated to provide a heat sink. The preferred 
embodiment uses methylcyclohexane as a fuel and 
provides a return loop 46 to recycle a fraction of the 
reaction products to provide hydrogen to the feedback 
of the reactor 40. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A fuel-supply means to supply the fuel which is an endoergic nature fuel system for promotive 
bodies, and is an endoergic nature hydrocarbon fuel in which a dehydrogenation may be carried out by the 
catalysis so that a heat sink may be brought about, It is the catalytic-reaction machine which is used as a 
heat exchanger and has the inlet port and the outlet. Said inlet port So that some fuels can be received from 
the supply means of said endoergic nature fuel at least, in order to use as feed to said reactor during 
operation of an engine That formation of the corks in the catalytic-reaction machine connected to said fuel- 
supply means in actuation and this reactor should be controlled It has a hydrogen supply means to add the 
hydrogen of sufficient amount for said feed. This hydrogen supply means It is the endoergic nature fuel 
system for promotive bodies which can operate so that the recycling loop formation from the outlet of said 
reactor to the inlet port of said reactor may be included and this recycling loop formation may return a part 
of product from the outlet of said reactor to the inlet port of said reactor. 

[Claim 2] Said fuel is an endoergic nature fuel system according to claim 1 which is a methylcyclohexane. 
[Claim 3] It is the endoergic nature fuel system according to claim 2 which can operate so that it includes 
further the fuel division means connected to the outlet of said reactor, and the 2nd part of the flow of a fuel 
may be dispatched to a gas turbine engine's combustor, while this fuel division means divides the fuel 
received from the reactor and dispatches the 1st part of the flow of a fuel to said recycling loop formation. 
[Claim 4] The fuel division means connected to the outlet of said reactor is included further. This fuel 
division means While dividing the fuel received from the reactor and dispatching the 1st part of the flow of 
a fuel to said recycling loop formation It is the endoergic nature fuel system according to claim 3 which can 
operate so that the 2nd part of the flow of a fuel may be dispatched to a gas turbine engine's combustor, and 
includes further a compressor means by which said fuel division means compresses said 2nd part of the flow 
of a fuel within said recycling loop formation. 

[Claim 5] a mixed means to mix said endoergic nature hydrocarbon fuel with said 2nd part of the flow of the 
fuel within said recycling loop formation — further — containing — **** — this mixed means — a group — 
the endoergic nature fuel system according to claim 4 by which the mixed equipment from mixed equipment 
is included, and said group contains the ejector mold mixer and the jet pump. 

[Claim 6] a mixed means to mix said endoergic nature hydrocarbon fuel with said 2nd part of the flow of the 
fuel within said recycling loop formation — further - containing --****-- this mixed means - a group - 
the endoergic nature fuel system according to claim 3 by which the mixed equipment from mixed equipment 
is included, and said group contains the ejector mold mixer and the jet pump. 

[Claim 7] It is the cooling approach of bringing about the heat sink which cools the high-speed aircraft, and 
is a. It is the process which supplies some endoergic nature hydrocarbon fuels [ at least ] to the heat 
exchanger which operates as a reactor. The process using said some of endoergic nature hydrocarbon fuels 
as feed of said reactor, and b While supplying the hydrogen of sufficient amount for said feed so that 
formation of the corks in said reactor may be controlled The process which mixes this hydrogen with said 
feed, and c It has the process which carries out the dehydrogenation of the mixture of said feed by the 
catalysis in said reactor. The mixture of said feed The cooling approach containing said endoergic nature 
fuel and said hydrogen of bringing about the heat sink which cools the high-speed aircraft. 
[Claim 8] Said hydrogen is the cooling approach according to claim 7 currently supplied to said feed by 
making the inlet port of said reactor carry out recycling of a part of flow of the product from the outlet of 
said catalytic-reaction machine through a recycling loop formation in Process b. 
[Claim 9] Said endoergic nature fuel is the cooling approach according to claim 8 which is a 
methylcyclohexane. 
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[Claim 10] The remaining part which is not supplied to said heat exchanger of said endoergic nature 
hydrocarbon fuels and the remaining part which is not recycled in said reactor of the mixture of said feed are 
the cooling approach according to claim 9 which has burned with the combustor of the gas turbine engine of 
said aircraft. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 
[0002] 

[Field of the Invention] This invention relates to the heat exchanger applied to especially a gas turbine 
engine's combustor about the heat exchanger used as a reactor for carrying out the dehydrogenation of the 
endoergic nature hydrocarbon fuel by the catalysis in a propulsion system. This invention offers the 
equipment and the approach of avoiding the fuel deposit by which induction is thermally carried out to the 
catalysis side of these reactor heat exchangers. 
[0003] 

[Description of the Prior Art] Being designed so that the propulsion system of the aircraft may use an 
endoergic nature hydrocarbon fuel is known well. The endoergic nature fuel holds the potentia which raises 
considerably the engine performance of the engine of a gas turbine and others for the heat sink capacity. 
Especially one important endoergic nature hydrocarbon fuel is a methylcyclohexane (MCH), MCH may be 
changed into toluene and hydrogen by the catalysis, and the theoretical absorbed amount is 1959 Btu/lbm. 
While this example includes both remarkable absorption of heat, and chemical absorption and assuming 
99% of conversion, it is assumed that the fuel was heated from 70 degrees F to 1340 degrees F. 
[0004] In order to actually change MCH into toluene and hydrogen, it needs to use a heterogeneous catalyst. 
The reforming catalyst usually used in order to change a petroleum naphtha raw material into the gasoline of 
a high octane value is also used by this invention. Essentially, these catalysts carry out the dehydrogenation 
of the cycloparaffin system reaction agent substantially, in order to bring about the result of a request. 
Although not restricted to such a catalyst at this, there are Pt-aluminum 203, Pt-Re-aluminum 203, and Pt- 
Ir-aluminum 203. It migrates to the range of the temperature from which these reactions occur typically, 
and a pressure (from one atmospheric pressure to 400 degrees K to 900 degrees K, and 1 50 atmospheric 
pressures), and the reaction including decomposition, re-hydrogenation, and formation of corks which 
competes occurs. Since it decreases the surface area of a catalyst, and the path of pore and reduces an 
overall catalysis by this while especially formation of corks has the inclination for corks to adsorb strongly 
on the surface of a catalyst and pollutes the location of activity, it is a problem. 

[0005] In the petroleum industry, it is reported to control formation of KOSUKU to include hydrogen (H2) 
in the reaction agent to supply. Applied industrial KYATARISHISU, the paper of M. Dean Edgar of the lst- 
volume (1983) printing "reforming by the catalyst of the naphtha in petroleum refining", Inn-SHIKU 
NAMU of Ind.Eng.Prod.Res.Dev. (1985) printing, John W. Eldridge and the paper of J.R. kit rel "tolerance 
of the corks of the catalyst for reforming by the catalysis", Please refer to the paper "the reaction kinetics of 
a methylcyclohexane dehydrogenation to the catalyst for sulfuration Pt+Re/aluminum203 reforming" of 
Michael A. Pacheco announced by the list at journal OBU KYATARISHISU (1985), and Eugene E. 
Petersen. 
[0006] 

[Abstract] This invention offers the equipment and the approach of carrying out the dehydrogenation of the 
suitable endoergic nature hydrocarbon fuel by the catalysis, using a heat exchanger as a reactor. In order to 
cool the components of the high-speed aircraft, this invention avoids the formation of corks by which 
induction is thermally carried out to the catalysis side of a heat exchanger-cum-the reactor used for the 
combustion system of a promotive body, while offering the heat sink to this heat exchanger. This invention 
offers a means to supply the hydrogen of the concentration which can be accepted in the feed of a reactor. 
This feed is some endoergic nature hydrocarbon fuels in which a dehydrogenation may be carried out by the 
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catalysis, in order to form the heat sink to a heat exchanger. A desirable example supplies the hydrogen of 
the concentration which can be accepted in the raw material to a reactor by establishing the return loop 
formation to which recycling of some resultants (toluene + hydrogen) is carried out from a reactor, using a 
methylcyclohexane as a fuel. While dividing the flow of a product, a means to return the rate of a request of 
a product to the inlet port of a reactor is established. 
[0007] 

[Advantage] Into the advantage acquired by this invention, while the recycling loop formation of a reactor 
raises the inlet-port concentration of hydrogen, decreasing the amount of formation of the corks in the front 
face of the catalyst in a reactor is mentioned. Consequently, a catalysis does not fall so quickly but 
maintenance and operation of a propulsion system become much more economical. 

[0008] Since this invention decreases formation of the corks in a catalyst front face of a reactor on which the 
effectiveness is reduced more quickly in other cases, it makes it possible to be still smaller and to constitute 
a reactor much more lightweight. The endoergic nature fuel reactor and combustion system which this 
invention is further durable and are maintained still longer are offered, and as for this, commercial 
implementability is also still higher than the same combustion system considered now while operation 
becomes final much cheap. 

[0009] The field described on this invention and the other descriptions are explained about a drawing below. 
[0010] 

[Example] The combustion system of the aviation gas turbine engine which shows the whole with a 
reference number 10 is shown to drawing 1 by the schematic diagram, and this combustion system can be 
used also for the promotive body of other formats like a rocket engine using an endoergic nature fuel like 
MCH (methylcyclohexane). The combustion system 10 has the source of supply 12 of an endoergic nature 
fuel, and the pump 14 which feeds MCH through measuring and a throttle valve 18. In the example of 
drawing 1 , a desirable endoergic nature fuel is MCH. The flow of a fuel is divided in the place of a 
reference number 24, and the 1st part of the flow of a fuel carries out the by-pass of the catalytic-reaction 
machine 40, and is directly sent to an engines combustor through the by-pass piping 26. 
[001 1] The remaining fuel is sent to the fuel line fork road 28 of a reactor. This remaining fuel acts as feed 
of a catalytic-reaction machine, in order to use the capacity as that cooling sink. After that, the remaining 
fuel is sent to a mixer 36 through a preheater 30, is a mixer 36 and is mixed with some resultants (toluene + 
hydrogen) from the catalytic-reaction machine 40 for the purpose which supplies the hydrogen of the 
concentration which can be accepted in the raw material to a reactor. A mixer 36 may be the format of an 
ejector or a jet pump. While the flow division means 44 is dividing the flow of the product from the 
catalytic-reaction machine 40, the rate of the request of the products is returned to the mixer 36, and a mixer 
36 sends it to the inlet port of a reactor through the recycling loop formation 46. The flow division means 44 
may be the format of the compressor which pressurizes this flow and is returned through the recycling loop 
formation 46. The recycling loop formation 46 decreases the amount of formation of the corks in the front 
face of a catalyst while raising the inlet-port concentration of hydrogen. 

[0012] The remainder of the flow of the product from the catalytic-reaction machine 40 is sent to a 
combustor through the 2nd fuel line 48, and burns with the 1st part of the fuel from the by-pass piping 26. A 
methylcyclohexane is changed into toluene and hydrogen by the catalysis, theoretical absorption values are 
1959 Btu/lbm, and while both remarkable absorption of heat and chemical absorption are included in this, it 
is assumed that 99% of conversion and a fuel are heated from 70 degrees F to 1340 degrees F. By this 
reaction in a reactor 40, a reactor can be used as a heat exchanger for cooling the components of the aircraft 
(not shown in drawing). 

[0013] Although the desirable example of this invention was explained in detail in order to explain the 
principle of this invention, please agree that various alterations or modification can be added to a desirable 
example, without deviating from the range of this invention described by the claim. 
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[Drawing 1] 
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